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Shiga toxin producing Escherichia coli O174: A 
persistent STEC serogroup displaying virulence 

features of Uropathogenic E. coli



Disease caused by pathogenic E. coli

Urinary tract infections

Sepsis/meningitis

Enteric/diarrhoeal disease

ExPEC

DEC

Different virulence 
mechanisms, 

according to their set 
of virulence 

determinants



The pathogenic E. coli Continuum
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Cross-over pathotype combinations may occur

2011 - German outbreak E. coli O104:H4: 
4000 human cases 850 HUS 50 deaths

Atypical virulence combination between EAEC and STEC 

Staked-brick adhesion Stx-phage

Hybrid ExPEC-STEC



STEC: Zoonotic origin

Natural reservoir

Routes of transmission:

Foodborne - Primary contamination of meat and milk

Environmental contamination

Waterborne: Drinking and recreational water

Direct contact with infected animals



Uropathogenic E. coli (UPEC) 

The common
source of UPEC is the host's own intestinal flora

From: F. Firoozeh et al, 2022



Genomic Surveillance of STEC in Italy

Isolation of STEC strains at ISS (NRL for E. coli) or delivery 
to ISS of STEC isolates

Sequecing at ISS and upload in the ISS webplatform

Upload of STEC sequence from regional centres

STEC strains characterization and comparison with 
isolates from different sources

OR

Laboratorio Nazionale di Riferimento per E. coli 
Dipartimento di Sicurezza Alimentare, Nutrizione e Sanità Pubblica Veterinaria

Reparto di Sicurezza microbiologica degli alimenti e malattie a trasmissione alimentare

Istituto Superiore di Sanità



Knjin A. et al. Frontiers in Public Health, 2023

IRIDA-ARIES system

Phantastic Pipeline:
✓ Serotyping

✓ MLST-7 genes
✓ Virulotyping

✓ Stx genes subtyping
✓ cgMLST

cgMLST analysis among strains of the same serogroup -
In case of cluster identification: Immediate report to 

concerned IRIDA-ARIES users and a report describing the 
cluster is prepared for further assessment



Cluster 394

In February 2024 a genomic cluster of O174 STEC strains was
identified

Consisting in 4 STEC strains stx1 stx2 from:
✓ Bovine faeces (ED1796, ED1798)
✓ Cheese samples (ED1802, ED1803)

Isolated from two Vet Institutes in one region in the same period

Looking further in our STEC genomes collection:

33 STEC strains belonging to O174 serogroup

13 from humans

20 from non-human source

Isolated in the time span 1998-2024



Distribution of O174 strains per source

Human (HUS), 4 

Human (unknown), 8 
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Distibution of H-types per source



Stx-coding genes subtypes possessed by O174 strains



Strains possessing ExPEC-UPEC virulence genes

cdt: one strain (food)

sen: 5 strains (4 from humans and 1 from deer)

AstA: 3 strains (food)

iss: 32 strains (only missing in one strain from bovine meat)

traT: 31 strains (missing in two strains from humans)

iha: 33 strains 

papC: 17 strains (2 strains from HUS, 1 from BD, 3 from humans, 3 from cheese, 4 
food, 4 from bovine animals)

afa: 1 strain (non human) 

hra: 20 strains (1 from HUS, 1 from BD, 3 from humans, 3 from cheese, 5 food-
including 1 from bovine meat, 4 from bovine animals, 1 deer)

ehxA: 23 strains subA: 11 strains tia: 16 strains lpfA: 16 strains

ompT: 16 strains (4 from humans -1 HUS, 7 from food, 5 animals)



cgMLST analysis



cgMLST analysis
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Concluding remarks

STEC O174 strains isolated in a time-span 30 years in Italy and seem to be 
persistent (at least H2)

STEC O174 strains isolated from different sources, including severe disease and food

They possess mosaic virulotypes

Three philogenetically related populations can be identified, each one consisting of strains 
possessing the same fliC

All the three groups contain strains from different origin

Different stx gene subtypes

Zoonotic origin



Thank you for 
your attention!



Sample Source Year O-group H-type MLST
Stx-genes subtypes

Virulotype
Cluster 

ID

ED0146 Animal (bovine) 1998 O174 H2 ST661 stx1a stx2a
cba, ehxa, espp, gad, hra, iha, iss, lpfa, ompt, papc, 
saa, stx1a, stx1b, stx2a, stx2b, terc, trat

ED1025 Animal (bovine) 2015 O174 H2 ST661 stx1a stx2a
cea, ehxa, espp, gad, hra, iha, iss, lpfa, papc, saa, 

stx1a, stx1b, stx2a, stx2b, terc, trat

ED1042 Human (unknown) 2015 O174 H2 ST661 stx1a stx2a* stx2c* stx2d*
celb, ehxa, espp, gad, hra, iha, iss, lpfa, papc, saa, 

stx1a, stx1b, stx2a, stx2b, terc, trat

ED1096 Food (unknown) 2016 O174 H21 ST677 stx1a stx2a* stx2c* stx2d*
asta, gad, hra, iha, iss, lpfa, stx2a, stx2b, 

terc, trat

ED1113 Human (HUS) 2016 O174 H2 ST661 stx1a stx2a
ehxa, espp, gad, hra, iha, iss, lpfa, papc, saa, 

stx1a, stx1b, stx2a, stx2b, terc, trat

ED1166 Human (BD) 2016 O174 H2 ST661 stx1a stx2a
celb, ehxa, espp, gad, hra, iha, iss, lpfa, papc, 

saa, stx1a, stx1b, stx2b, terc, trat

ED1170 Human (unknown) 2017 O174 H21 ST677 stx2c
espi, gad, iha, iss, lpfa, ompt, papc, stx2b, 

terc, tia

ED1203 Food (bovine meat) 2017 O174 H21 ST442 stx1c stx2c
gad, hra, iha, irea, lpfa, stx1a, stx1b, stx2a, 

stx2b, terc, trat

ED1229 Human (HUS) 2017 O174 H21 ST677 stx2c
cea, ehxa, espi, espp, gad, iha, iss, lpfa, papc, 

saa, stx2a, stx2b, suba, terc, tia, trat

ED1250 Human (unknown) 2017 O174 H8 ST13 stx2b
cba, cea, cia, cma, ehxa, espi, gad, iha, irea, iss, 

lpfa, senb, stx2a, stx2b, suba, terc, tia, trat 173

ED1255 Human (unknown) 2017 O174 H8 ST13 stx2b

cba, cea, celb, cia, cma, ehxa, espi, gad, iha, 
irea, iss, lpfa, senb, stx2a, stx2b, suba, terc, 

tia, trat

ED1257 Human (unknown) 2018 O174 H8 ST13 stx2b

cba, cea, celb, cia, cma, ehxa, espi, gad, iha, 
irea, iss, lpfa, senb, stx2a, stx2b, suba, terc, 

tia, trat

ED1261 Human (unknown) 2018 O174 H8 ST13 stx2b

cba, cea, cia, cma, ehxa, espi, gad, iha, irea, 
iss, lpfa, ompt, senb, stx2a, stx2b, suba, terc, 

tia, trat 173

ED1408 Animal (deer) 2018 O174 H8 ST13 stx2b
cba, cea, cia, cma, ehxa, espi, gad, hra, iha, irea, 
iss, lpfa, ompt, senb, stx2a, stx2b, terc, tia, trat

220492-64_CA_IZSLER Human (unknown) 2018 O174 H21 ST677 stx2c stx2d
gad, hra, iha, iss, lpfa, stx2a, stx2b, terc, tia, 

trat

ED1365 Food (bovine meat) 2019 O174 H28 ST? stx1a stx2a

cdtb, cea, celb, cia, cib, cvac, ehxa, epea, 
espp, gad, iha, iss, lpfa, ompt, saa, stx1a, 

stx1b, stx2a, stx2b, suba, terc, trat

ED1515 Food (unknown) 2021 O174 H2 ST661 stx1a stx2a
ehxa, espp, gad, hra, iha, iss, lpfa, papc, saa, 

stx1a, stx1b, stx2a, stx2b, terc, trat

ED1506 Food (unknown) 2021 O174 H21 ST677 stx2c stx2d
asta, gad, hra, iha, iss, lpfa, stx2a, stx2b, 

terc, tia, trat 58

ED1505 Food (unknown) 2021 O174 H21 ST677 stx2c stx2d
asta, gad, hra, iha, iss, lpfa, stx2a, stx2b, 

terc, tia, trat 58

220492-19_CA_IZSLER Human (unknown) 2022 O174 H8 ST13 stx1c
celb, espi, gad, iha, irea, iss, lpfa, ompt, 
stx1a, stx1b, suba, terc, tia

ED1601 Human (HUS) 2022 O174 H21 ST677 stx2c
cea, cia, cib, epea, espi, gad, iha, iss, lpfa, ompt, 

stx2a, stx2b, terc, tia, trat

ED1583 Human (unknown) 2022 O174 H2 ST661 stx1a stx2a
ehxa, espp, gad, hra, iha, iss, lpfa, papc, saa, stx1a, 

stx1b, stx2a, stx2b, terc, trat

ED1644 Food (unknown) 2023 O174 H21 ST677 stx2c stx2d
ehxa, espi, espp, gad, iha, iss, lpfa, ompt, 
papc, saa, stx2a, stx2b, suba, terc, tia, trat

ED1654 Food (unknown) 2023 O174 H21 ST677 stx2c stx2d
ehxa, espi, espp, gad, iha, iss, lpfa, papc, saa, 

stx2a, stx2b, suba, terc, tia, trat
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